Abstract. Toll-like receptor 4 (TLR4), a recently identified vertebrate receptor, serves a pivotal role in immune responses. The aim of the present study was to investigate the association between the human TLR4 gene and recurrent spontaneous miscarriage (RSM). A total of 306 RSM patents and 306 age-matched controls were genotyped for four single-nucleotide polymorphisms (SNPs) of the human TLR4 gene (rs1927914, rs1927911, rs4986790 and rs4986791). Data were analyzed for Uygur and Han women separately using a haplotype-based case-control study. There were significant differences between the distributions of rs1927914, rs1927911 and rs4986790 SNPs between RSM patients and the controls (P=0.001, P<0.001 and P=0.015, respectively) were identified in Uygur women, and significant differences between the distributions of the rs1927914 and rs1927911 SNPs between RSM patients and the controls (P<0.001 and P<0.001, respectively) were identified in Han women. Results of the logistic regression analysis indicated that rs1927914, rs1927911 and rs4986790 SNPs were significantly higher in the RSM patients compared with the control individuals (P=0.012, P=0.024 and P=0.035, respectively) in Uygur women. Furthermore, significantly higher frequency was noted for the A-G-G haplotype (SNP1-SNP2-SNP3) (P=0.016) in RSM patients compared with the controls in Uygur women. The results indicate that rs1927914, rs1927911, rs4986790 and the A-G-G haplotype (SNP1-SNP2-SNP3) of the human TLR4 gene may be genetic markers for RSM in Uygur women, while rs1927914 and rs1927911 SNPs of the human TLR4 gene are most likely associated with RSM in Han women in Xinjiang.
Introduction
Recurrent spontaneous miscarriage (RSM), defined as three or more consecutive losses before 20 weeks of gestation with the same partner (1), comprise a multifactorial condition enhanced by a variety of genetic, endocrine, anatomic, immunological, infectious, environmental, thrombophilic and metabolic factors (2) . Regardless of extensive research undertaken in this field, the underlying cause of the majority (≤50%) of RSM cases remains unknown and hence poses a clinical challenge (3) .
Toll-like receptors (TLRs), a recently identified group of vertebrate receptors, serve a pivotal role in immune responses. There are 10 TLRs expressed in humans (4) , and Toll-like receptor 4 (TLR4) is one of the most actively investigated TLRs. TLR4 serves an essential role in the activation and regulation of the innate and acquired immune responses through the recognition of specific molecular patterns of pathogens and endogenous peptides (5) .
Single-nucleotide polymorphisms (SNPs) are present in a number of TLR genes and have been implicated in the loss of self-tolerance, which may lead to autoimmunity and chronic inflammation (6) . A number of studies have suggested that TLR4 polymorphisms are associated with the development of chronic inflammatory conditions (7, 8) , chronic granulomatous conditions (9) and cardivascular diseases (10) .
To the best of our knowledge, there have been no previous studies on the association between the human TLR4 gene and RSM in Uygur women in Xinjiang. The aim of the present study was to investigate the association between the human TLR4 gene and RSM using a haplotype-based case-control study that employed SNPs in conjunction with separate analyses that examined the data with regard to Uygur and Han women. were selected for the present study. The structure of the human TLR4 gene is presented in Fig. 1 . Blood samples were collected from each participant and genomic DNA was extracted from peripheral blood leukocytes by phenol and chloroform extraction. DNA sequencing using the Sanger dideoxy method was performed by Polymorphic DNA Technologies (Alameda, CA, USA). The four SNPs that were used for complete sequencing of the TLR4 region included a portion of the upstream region, introns and exons, and these were analyzed in patients and controls from the cohort. Sequencing reactions were performed by O&E High-Tech Corporation in Beijing, China, and sequencing primers were designed using Primer Premier 5.0 software (Palo Alto, CA, USA).
Materials and methods

Subjects
Genotyping of novel SNPs. The detailed of genotyping of novel SNP have been previously described (11) . Briefly, DNA sequencing of the complete TLR4 region was performed using a polymerase chain reaction direct sequencing method, which identified a heterozygous variant in subjects with RSM and controls. The sense primer for SNP1 was 5'TAG CAT GAG AAA TGA GGA AGT AAG GG3' and the antisense primer was 5'GAG CTA TGA TGA GGA TTG AAA ATG TGG3'. The sense primer for SNP2 was 5'TAG CTG GCT TCT GCA AGG AAT3' and the antisense primer was 5'GGA GAC TGT CTG GCA GTC AAG ATGT3'. The sense primer for SNP3 was 5'GTC CCT GAA CCC TAT GAA CTT TAT CC3' and the antisense primer was 5'TCC CAC CTT TGT TGG AAG TGA AAG3'. The sense primer for SNP4 was 5'CTG GTG AGT GTG ACT ATT GAA AGG G3' and the antisense primer was 5'TTA GTA CCT GAA GAC TGG AGA GTG AG3'. Genotypes were determined automatically by the signal processing algorithms of Genotyping Console software 4.1 (Cleveland, OH, USA). To aid in the comparison of the results, each scoring method were saved in two separate output files.
Biochemical analysis. Serum concentrations of cholesterol and glucose were measuring using the standard methods employed by the Clinical Laboratory Department of the First Affiliated Hospital of Xinjiang Medical University.
Statistical analysis. All continuous variables were expressed as the mean ± standard deviation. The Mann-Whitney U test was used to compare differences in continuous variables between RSM patients and controls. The Fisher's exact test was used to calculate differences in categorical variables. The Hardy-Weinberg equilibrium was analyzed using χ 2 analysis. The Fisher's exact test was used to calculate differences in the distribution of genotypes and alleles between the RSM patients and controls. According to the genotype data resulting from the genetic variations, linkage disequilibrium analysis and haplotype-based case-control analysis was performed using the expectation maximization algorithm and SNPAlyze version 3.2 (Dynacom Co., Ltd., Yokohama, Japan). The four SNPs were used to perform pair-wise linkage disequilibrium analysis. D >0.5 was used to assign SNP locations to one haplotype block. SNPs with r 2 <0.5 were selected as tagged. A permutation test was used to calculate the frequency distribution of the haplotypes and P-values in the haplotype-based case-control analysis. The contribution of major risk factors was assessed using logistic regression analysis. P<0.05 was considered to indicate a statistically significant difference. Statistical analyses were performed using SPSS software for Windows (version 12; SPSS Inc., Chicago, IL, USA). Table I presents the clinical characteristics of the study participants. In Uygur women, the age of menarche, systolic blood pressure, diastolic blood pressure and spontaneous miscarriages were significantly higher in RSM patients compared with the controls (P<0.05). In Han women, systolic blood pressure, number of pregnancies, spontaneous miscarriages and the frequency of drinking were significantly higher in RSM patients compared with the controls (P<0.05). There were no significant differences noted between RSM patients and the controls with regards to age, body mass index, pulse rate, serum cholesterol, serum glucose and the frequency of smoking in Uygur and Han women. Table II presents the distribution of the genotypes and alleles of the four SNPs. For each SNP, the genotype distributions in the controls were not significantly different from the Hardy-Weinberg equilibrium values (data not shown). In Uygur women, there were significant differences between the distributions of the rs1927914, rs1927911 and rs4986790 SNPs between the RSM patients and the controls (P=0.001, P<0.001 and P=0.015, respectively). In Han women, there were significant differences between the distributions of the rs1927914 and rs1927911 SNPs between the RSM patients and the controls (P<0.001 and P<0.001, respectively). Table I that exhibited significant differences between the RSM patients and the controls were used for the logistic regression analysis. In Uygur women, parameters used included SNPs (rs1927914, rs1927911 and rs4986790), the age of menarche, systolic blood pressure, diastolic blood pressure and spontaneous miscarriages. As shown in Table III , results of the logistic regression analysis indicated that the distributions of rs1927914, rs1927911 and rs4986790 SNPs were significantly different in the RSM patients compared with the control individuals (P=0.012, P=0.024 and P=0.035, respectively). In addition, systolic blood pressure differed significantly between the RSM patients and the controls (P=0.011, P=0.021 and P=0.032, respectively) in Uygur women.
Results
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In Han women, parameters used included SNPs (rs1927914 and rs1927911), systolic blood pressure, number of pregnancies, spontaneous miscarriages and the frequency of drinking. As shown in Table IV , results of the logistic regression analysis indicated that the distributions of rs1927914 and rs1927911 SNPs were significantly different in the RSM patients compared with the control individuals (P=0.021 and P=0.004, respectively) in Han women.
Haplotypes. Since most of the D-values of linkage disequilibrium for the human TLR4 gene in the controls were >0.5 (data not shown), this indicated that the four SNPs were located in one haplotype block. Since all of the r 2 values were <0.5 (data not shown), this suggests that every SNP would be useful for the haplotype-based case-control study. Since rs4986791 (SNP4) has no allele distributions in RSM patients and the controls in this study, haplotypes were constructed using SNP1, SNP2 and SNP3. The distributions of the individual haplotypes for these combinations of the three SNPs were analyzed, and the results are presented in Table V . In Uygur women, significantly higher frequencies were noted for the A-G-G haplotype (SNP1-SNP2-SNP3; P=0.016) in RSM patients compared with the controls.
Discussion
RSM is a reproductive problem, which affects 1-3% of couples trying to conceive (12) . Epidemiological studies have suggested that RSM comprises a multifactorial condition enhanced by a variety of genetic and environmental factors (13) . A number of studies have suggested that RSM is associated with genetic disorders that include skewed X chromosome inactivation (14), Table I . Characteristics of study participants. HLA-G (15), age-related aneuploidy (16), autoimmune disorders (17) and acquired or inherited thrombophilia (18) . In addition, several studies have shown that nutritional and lifestyle factors, smoking, and diet (19, 20) contribute to RSM pathogenesis. For instance, obesity has a greater incidence in RSM patients compared with controls (21). Furthermore, a woman's medical history (3) is important since the risk of RSM is increased by previous miscarriages (20% after one miscarriage, 28% after two miscarriages) and age (40% risk for 40 year-old women, and 80% for women 45 and older). Considering all these risk factors, the related data (including age, body mass index, number of pregnancies and number of spontaneous miscarriages) has been collected and presented in Table I . Then, the relationship between these risk factors and RSM is analyzed using logistic regression and presented in Tables III and IV.  TLR4 is PC3 cells (22) . The innate immune system is the first line of defense against microbial infection and TLR4 serves as the first point of defense in the innate immune system. TLR4 is one of the most extensively investigated TLRs and recognizes endotoxic lipopoly saccharide (LPS) in the outer membrane of Gram-negative bacteria with its co-receptor MD-2 (23). TLR4 is critical in the recognition of viruses and bacteria, serving as a key immune system effector. Excessive signaling in response to LPS frequently results in uncontrolled amplification of inflammatory responses, leading to fatal septic shock (24, 25) . Dysregulation of TLR4 signalling owing to SNPs may alter the ligand binding and balance between pro-and anti-inflammatory cytokines, thereby modulating the risk of chronic inflammatory and immune disorders. Consequently, several studies have shown that common SNPs of a series of low penetrance alleles of TLR4, modified during the above mentioned processes, are likely to serve an important role in cancer susceptibility (26, 27) . Two SNPs of the human TLR4, A299G (ref SNP ID: rs4986790, SNP3) and T399I (ref SNP ID: rs4986791, SNP4), have been identified and suggested to be associated with LPS hyporesponsiveness (28, 29) . Furthermore, two non-synonymous polymorphisms of TLR4 (Asp299Gly and Thr399Ile) have been suggested to alter the function of the receptor (30,31) and have been related to the Table III . Odds ratios and 95% confidence intervals for each risk factor and SNP associated with RSM in Uygur women. Table IV . Odds ratios and 95% confidence intervals for each risk factor and SNP associated with RSM in Han women.
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Odd ratios 95% confidence interval P-value rs1927914 (SNP1) development of chronic inflammatory conditions (32) . In addition, Hirschfeld et al (33) reported that there was no association between fetal TLR4 polymorphisms, Asp299Gly and Thr399Ile, known to blunt LPS responsiveness, and the risk of idiopathic, chromosomally normal miscarriage. However, how the SNPs affect the function of TLR4 remains largely unknown.
The aim of the present study was to assess the association between the human TLR4 gene and RSM in Uygur and Han women in Xinjiang by using a haplotype-based case-control study. The results of the genotype distributions and logistic regression analysis indicated that rs1927914, rs1927911 and rs4986790 are most likely associated with RSM in Uygur women, while rs1927914 and rs1927911 are most likely associated with RSM in Han women. Additionally, logistic regression analysis indicated that systolic blood pressure is one of the risk factors for RSM patients, which is consistent with results of a previous study (34) .
It has been demonstrated that haplotypes can provide valuable information that can be used for predicting the severity and prognosis of certain genetic disorders (35) . With the dramatic increase in the number of available SNP markers, haplotyping based on genotype data has become an important component of genetic studies in general and has shown that these types of studies have a number of advantages over analyses that are just based on individual SNPs (36) . In the present study, haplotypes for the human TLR4 gene were successfully established that were created from the combinations of the three SNPs. In the present haplotype analysis, there was a significantly higher frequency of the A-G-G haplotype (SNP1-SNP2-SNP3) in RSM patients compared with the controls in Uygur women. Therefore, it can be suggested that the result indicates that the A-G-G haplotype (SNP1-SNP2-SNP3) is the susceptibility haplotype for RSM in Uygur women, and it can be proposed that the A-G-G haplotype (SNP1-SNP2-SNP3) should be regarded as the genetic marker for RSM in Uygur women in Xinjiang. In addition, for SNP3, the G allele is the risk allele while the A allele is the safe allele for RSM in Uygur women.
To date, to the best of our knowledge, there have been no previous studies that have reported data on the association between TLR4 and RSM in Uygur women. Therefore, the current results provide novel data on the possibility that the TLR4 gene is most likely associated with RSM, and rs4986790 may be the nationality-specific genetic marker for RSM for Uygur women.
In conclusion, the present study examined the association between the human TLR4 gene and RSM. The present results indicate that rs1927914, rs1927911, rs4986790 and the A-G-G haplotype of the human TLR4 gene may be genetic markers for RSM in Uygur women in Xinjiang. In addition, the results suggest that rs1927914 and rs1927911 of the human TLR4 gene are most likely associated with RSM in Han women. Further studies are required to elucidate the functional association of TLR4 with RSM progression. 
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